Sixteen Japanese Artemisia taxa were surveyed for flavonoid aglycones and glycosides. The leaves were rinsed with acetone and then extracted with MeOH. Isolated flavonoids were identified by UV, LC-MS, acid hydrolysis, 1 H and 13 C NMR, and/or HPLC comparisons with authentic samples. Thus, nine flavone aglycones, apigenin (10), luteolin (5), chrysoeriol (11), hispidulin (6), jaseosidin (7), nepetin (15), sudachitin (8), luteolin 7-methyl ether (13) and eupatilin (14), three flavonol aglycones, axillarin (9), quercetin 3-methyl ether (16) and 5,7,4´-trihydroxy-3,6-dimethoxyflavone (12), one flavanone aglycone, pinocembrin (4), three dihydroflavonol aglycones, taxifolin (1), taxifolin 3-acetate (2) and padmatin (3) Of two A. arctica taxa, subsp. sachalinensis and f. villosa, three dihydroflavonols and one flavanone were isolated from the former taxa, and identified as taxifolin (1), taxifolin 3-acetate (2) and padmatin (3), and pinocembrin (4), respectively. On the other hand, a flavone, apigenin (10), and flavonol glycoside, quercetin 3-Orutinoside (17), were found in the latter taxa. Four flavones, luteolin (5), hispidulin (6), jaceosidin (7) and sudachitin (8), were isolated from A. fukudo as free states, together with a flavonol, axillarin (9), and flavonol glycoside 17. Four flavones and two flavonols were isolated from A. trifurcata var. pedunculosa and identified as 5, 6, 10 and chrysoeriol (11), and 9 and 5,7,4´-trihydroxy-3,6-dimethoxyflavone (12). Flavone aglycones were found in A. schmidtiana, A. sinanensis, A. stelleriana and A. unalaskensis and characterized as 7 A. unalaskensis). Flavone aglycones were also found in A. monophylla together with a flavonol 9, and identified as 5, 7 and 11. On the other hand, although 17 was found in A. gilvescens and A. pedunculosa, flavonoid aglycone was not detected in both species. The flavonoids were first reported from their species except for A. schmidtiana. Although seven exudate aglycones including jaceosidin (7) have been reported [4a], 7 was only found in this survey.
Many flavonoids are found as glycosides such as glucoside and rutinoside, and are present in cell sap. On the other hand, some flavonoids are found on leaf surface as wax and/or farinose exudates without the attachment of the sugars [1] . The genus Artemisia belongs to the family Asteraceae and consists of ca. 250 species [2] . In Japan, ca. 30 Artemisia species are growing. The flavonoids of Artemisia species were surveyed by some authors and many flavones, flavonols, flavanones, dihydroflavonols, rarely isoflavonoids, flavan 3-ols and chalcones were reported [3] . Thus, flavonoid diversity of Artemisia species have been shown. Of two A. arctica taxa, subsp. sachalinensis and f. villosa, three dihydroflavonols and one flavanone were isolated from the former taxa, and identified as taxifolin (1), taxifolin 3-acetate (2) and padmatin (3), and pinocembrin (4), respectively. On the other hand, a flavone, apigenin (10) , and flavonol glycoside, quercetin 3-Orutinoside (17), were found in the latter taxa. Four flavones, luteolin (5), hispidulin (6), jaceosidin (7) and sudachitin (8), were isolated from A. fukudo as free states, together with a flavonol, axillarin (9) , and flavonol glycoside 17. Four flavones and two flavonols were isolated from A. trifurcata var. pedunculosa and identified as 5, 6, 10 and chrysoeriol (11) , and 9 and 5,7,4´-trihydroxy-3,6-dimethoxyflavone (12) . Flavone aglycones were found in A. schmidtiana, A. sinanensis, A. stelleriana and A. unalaskensis and characterized as 7 flavone and two flavonol aglycones were isolated and identified as 5-7, 10, luteolin 7-methyl ether (13), eupatilin (14) and nepetin (15), and 9 and quercetin 3-methyl ether (16), respectively. Moreover, four flavonol glycosides, quercetin 3-O-rutinoside (17), quercetin 3-O-glucoside (18), patuletin 3-O-glucoside (19) and patuletin 3-Orhamnosylglucoside (20), were found. Of their flavonoids, one flavone, 14, and all flavonols except for 19 were reported from this species for the first time. Four flavones, 5-7 and 10, and a flavonol 9 were found in A. japonica. Although two flavone glycosides, apigenin and luteolin 7-O-glucosides and four flavonol aglycones, kaempferol, quercetin (from pollen), 8,4´-dihydroxy-3,7,2´-trimethoxyflavone and quercetagetin 6,7,3´,4´-tetramethyl ether, were reported from A. japonica [5, 6] , flavone aglycones and 9 were found for the first time. Five flavone aglycones, 5, 7, 8, 10 and 11, and a flavonol aglycone 9, were obtained from A. montana. Two flavonol aglycones, kaempferol and quercetin, have only been reported from the pollen of A. montana [5] . Artemisia indica var. maximowiczii (= A. princeps Pamp.) is a popular weed and used as food and medicinal resources in Japan. Although flavone 14 was reported from this species [7] together with kaempferol and quercetin (from the pollen) [5] , two flavones 5 and 8, and a flavonol 9 were found in this survey. Nine flavone and four flavonol aglycones, and three flavonol glycosides were reported from A. campestris by some authors [8] . However, five flavone aglycones, 5-8 and 11, were found in this study. Of their aglycones, all flavonoids except for 6 were newly found in this species.
In this survey, flavonoid aglycones and glycosides of 16 Japanese
In this survey, 16 Japanese Artemisia taxa were analyzed for flavonoids. Nine flavone aglycones, 5-8, 10, 11 and 13-15, three flavonol aglycones, 9, 12 and 16, one flavanone, 4, and three dihydroflavonols, 1-3, were isolated from acetone extracts of the leaves of their Artemisia taxa with various combination (Table 2) . On the other hand, flavonol glycoside 17 were isolated from MeOH extracts of a few Artemisia taxa. Three flavonol glycosides, 18-20, were accompanied in A. gmelini. Of their flavonoids, 4-10 have already been reported from Artemisia species [3] . Flavonol glycoside 17 has also been found in Artemisia species [3] .
Dihydroflavonols have been isolated from A. barrelieri Besser and
A. campestris L. subsp. glutinosa Gay ex Besser and identified as aromadendrin 7-methyl ether and/or padmatin [9] . In this survey, taxifolin (1) and its 3-acetate (2) were newly found in A. arctica subsp. sachalinensis. In A. arctica subsp. sachalinensis, major flavonoids were dihydroflavonols, in spite of major compounds of other almost Artemisia taxa were flavone aglycones. Flavone 10, and flavonol 17 were detected in another A. arctica forma, f. villosa in this survey. Moreover, flavone aglycone 7 was reported from another A. arctica subspecies, subsp. saxicola Hultén, suggested the occurrence of intra-specific variation of the flavonoids. Thus, it was shown that flavonoids are abundantly synthesized in Artemisia species as free state, but flavonoid glycosides were poorly contained. Moreover, cinnamoyl ester, chlorogenic acid, was found in all Artemisia taxa which were used as plant materials. 
Experimental

General
Plant materials:
The collection sites of Artemisia taxa which were used as plant materials were shown in Table 1 . Voucher specimens were deposited in the Herbarium of National Museum of Nature and Science (TNS), Japan.
Extraction and isolation:
Fresh leaves were rinsed with acetone for flavonoid aglycones and then extracted with MeOH for flavonoid glycosides. The concentrated extracts were applied to preparative paper chromatography using solvent systems, BAW and then 15% HOAc. The isolated flavonoids were purified by Sephadex LH-20 column chromatography using solvent system, 70% MeOH. The flavonoids were further purified by prep. HPLC.
Identification:
Of the isolated compounds, 1-4, 13 and 19 were identified by UV, LC-MS, and 1 H and 13 C NMR. Compounds 5-9, 11, 12, 15-17 and chlorogenic acid were identified by UV, LC-MS, and TLC and HPLC comparisons with authentic samples. Flavonoids 10 and 18 were identified by UV, LC-MS, acid hydrolysis, and TLC and HPLC comparisons with authentic samples.
Luteolin 7-methyl ether (14) and patuletin 3-Orhamnosylglucoside (20) were characterized by UV and LC-MS, and UV, LC-MS and acid hydrolysis, respectively.
Authentic samples: Origins of authentic samples, which were used in this survey, were as follows: Apigenin and luteolin from the pubescence of Glycine max (L.) Merr. (Leguminosae) [10] ; Hispidulin and sudachitin from the leaves of Chrysanthemum siwogiku Kitam. (Asteraceae) [11] ; Jaceosidin from the leaves of Chrysanthemum japonense Nakai var. ashizuriense Kitam. (Asteraceae) [11] ; Chrysoeriol from acid hydrolysate of chrysoeriol 7-O-glucuronide from the leaves of Chrysanthemum japonense Nakai var. ashizuriense Kitam. (Asteraceae) [11] ; Eupatilin and nepetin from the leaves of Chrysanthemum spp. [11] ; Axillarin from the leaves of Crossostephium chinense (L.) Makino (Asteraceae) [12] ; Quercetin 3-methyl ether from the flowers of Neoporteria spp. (Cactaceae) [13] ; Quercetin 3-O-glucoside from the leaves of Phytolacca americana L. (Phytolaccaceae) [14] ; Chlorogenic acid from the seeds of Coffea arabica L. [Hayashi, unpublished data].
